Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction 1
According to the so-called "energy paradox" (Hausman, 1979 ; Jaffe and Stavins, 1994) price differences 2 do not fully reflect expected savings on energy costs for homes, home appliances, auto-mobiles, and other 3 products. Up to date, there is an open debate about the interpretation of such results. In principle, inatten-4 tion to energy costs could be rational if information acquisition is sufficiently costly or potential savings are 5 small (Sallee, 2014) , but it could also be a sign of consumer myopia (Gabaix and Laibson, 2006) . In this re-6 spect, housing and auto-mobile markets are perfect test-beds because inattention to energy consumption can The present paper analyses a large and detailed data set of residential houses offered for sale on German online real estate market places from April 2015 to July 2016. Since May 2014, the German "Energy a house, consumers visit gas stations quite frequently. Similarly, the value of EPS does not correspond to the 46 price of the heating fuel used in a given house when comparing district-, gas-, and electricity-heated houses 47 -despite substantial differences between the three heating fuel prices. In contrast, when looking at different 48 building age groups, a clear pattern emerges: The younger a building, the higher is the valuation of EPS.
49
The pattern implies that personal discount factors are large, in line with recent survey evidence (Newell and 50 Siikamäki, 2015) , and that the net present value of energy efficiency is be much lower than what is suggested 51 by direct cross-section estimates.
52
The next section briefly summarises related literature that deals with the valuation of energy efficiency 53 in real estate and auto-mobile markets. Section 3 develops the theoretical relationship between the WTP 54 for energy efficiency and prices or rents and discusses issues of identification. Section 4 describes the data,
55
Section 5 shortly discusses the empirical strategy. Empirical results are presented, interpreted and compared 56 to previous estimates in Section 6. The paper closes with a discussion of implications for future research and 57 policy. 
Theoretical considerations
This paper relies on the hedonic pricing framework (Rosen, 1974) . The per-period WTP for one square metre of a specific dwelling can be seen as a function of its structural (s) and locational (l) characteristics: sense, the price of the warm living room is higher for inefficient homes, not its utility.
121
Assume that the WTP is constant over time. Furthermore, time is discounted by a factor 1 + r ≥ 1. Since the individual cares about total expenditures, the monthly payment she is willing to make for the dwelling at time t can be decomposed as R t =R t +C t × (1 − CF) × EPS, where C t is the per-unit energy price, CF is the climate factor that reflects energy requirements due to a difference between local climate and the baseline (CF = 0) andR t is net rent. If net rents and the yearly growth rate of energy prices e are constant (R t =R;
C t = (1 + e) t C), the willingness to pay given a remaining lifetime of the building T can be expressed as follows:
The expression for prices can be obtained easily from eq. (2) by assuming that buyers care about the net present value of the dwelling so that P = NPV := ∑ T t=1 (1 + r) −tR , with reservation price P. From (2), this leads to
where δ (T ) := ∑ to balance the building age structure of the sample. We approach the problem in three complementary ways.
187
(i) As noted in the introduction, variation of heating fuel prices over space and, because EPS is climate- correlated with EPS are not controlled for adequately, this term will also reflect general building quality.
214 Table 1 summarises the distributions of projected yearly energy costs per square metre for gas-heated [ Table 1 about here.]
225
(ii) Fuel types. Four main fuel types are used in Germany 5 gas (49.3%, including liquid gas and bio-gas),
226
light heating oil (26.8%), district heating (13.5%), and electricity (2.9%). Taking gas as the baseline, Figure   227 2 plots the relative costs per kW h of each of these four fuel types. Whereas the price of light heating oil 228 increased relative to the price of natural gas, the cost ratios of electricity and district heating to natural gas by the ratio of differences between the EPS coefficients for the three age groups. Section C in the appendix 238 shows that this is indeed the case if the building age distributions within each age group are similar. For- 
Since the estimated δ (T ) is calculated from differences of coefficients, the identifying assumptions are 242 less strict than in previous papers. Let EPS = γ 0 + γ 1 Q + ν for all three age groups, with an omitted variable 
Other issues
Previous authors have identified another problem that is related to the availability of information on EPS.
267
Conditional on reporting year of construction, lot size, and heating type, only 56% of all observations include 268 EPS information, even though it is mandated by law to display EPS in online real estate offers (see Table 3 ).
269
Potentially, defiers can report EPS in their offers, but without using the forms provided by the websites-in 270 these cases, the certificate does not appear in the data. do not contain EPS information. Table 3 suggests that general data quality is lower for these observations.
286
It would bring in new problems if a selection model was built around these observations. In any case the 287 results will be representative for a relatively large part of the population.
288

Estimation results
289
Results for a baseline model are presented in the Appendix, Table 4 . The sample consists of all observations for which information on year of construction, lot size, heating type, and EPS is available, see Table 3 .
For an observation i from district d, month t, and heating type h,
P i is the price per square metre of house i, EPS i is its energy performance score, and X i is a vector of housing 290 characteristics, including heating type (base category: gas heating). φ t and ψ d are time and district fixed 291 effects. Table 4 contains the results. In column (1), the log price is the dependent variable, and the EPS 292 coefficient is negative and highly significant. 6 It implies a reduction of the price by approx. 0.11% as EPS
293
increases by 1% (at sample mean). In column (2), the dependent variable is the price per square metre. The
294
EPS effect is slightly smaller (-0.07% at sample mean) and model fit is somewhat worse. Nevertheless, eq.
295
(3) suggests that a linear form captures heating cost effects more accurately. Potentially, the difference can 296 be attributed to the effect of unobserved building quality. A jump from an A-rated building (30 <EPS< 50)
297
to an E-rated building (160 <EPS<200) reduces the price by 10.5% (at sample mean), which is very close 
299
Covariates are included in the table as well. The overall picture is reasonable. Higher quality, younger, 300 detached houses on larger lots are offered at a higher price per square metre.
301
Figure 3 shows kernel density estimates for the EPS variable in different year of construction brackets.
302
Clearly, younger buildings have much higher energy efficiency, and the distribution shifts to the right from 303 6 Note that a regression of log price per square metre on covariates including log living area is equivalent to the more common regression of log price on covariates including log living area. the group of middle-to the group of old-age buildings. Furthermore, the distributions of older houses are 304 much more widespread, probably because some of the older houses were retro-fitted. This points to a source In this section, we consider the effect of local variation in gas prices and climate on the value of EPS.
The sample is restricted to gas-heated houses. The estimating equations read
where C is the average price of gas per kWh in the sample, ∆ z C is the deviation from that average in zip code for an interaction of EPS and population density, to account for the possibility that construction was more 313 concentrated in densely populated areas in the past years.
314
[ test of δ = γ has a p-value of 0.001.
320
Potentially, very high EPS are ignored by the market because the time until retro-fitting becomes optimal 321 might be very short for these houses. Similarily, very efficient homes might sell at an additional premium.
322
Therefore, model (2) excludes observations with EPS outside the range 50 to 300. Qualitatively, the results
323
remain unchanged. However, the main effect is significantly larger in this model.
324
A reason why local gas price differences do not play a role might be that differences are too small then regressed according to eq. (5). In order to capture local land price differences, the median house price 332 among all houses without gas heating was calculated in each zip code and included as a regressor.
333
Column (3) of focus is on (energetically) similar houses across zip code borders with relatively large gas price differences.
337
Even though this model produces the largest interaction effect (-0.09), it still remains insignificant and much
338
smaller than the main effect (-0.16 to -0.36).
339
The remaining two models focus on variation in local climate. In column (5), the local gas price-
340
interaction was dropped and a local climate interaction term was added, see eq. (6). The coefficient has 341 a positive sign, suggesting that the value of EPS is slightly lower in colder regions. However, it is insignifi-342 cant. The same holds for model (6) that again restricts the sample to observations with EPS higher than 50,
343
but lower than 300. Taken as a whole, these results do not suggest that participants in the market consider 344 local variation in climate or gas prices when calculating an implicit price of energy efficiency. 
Fuel types
346
Variation in heating costs that was exploited in Section 6.1 is relatively subtle. More pronounced differ-347 ences exist across different fuel types. Compared to gas heating (gas combustion on-site), district heating
348
(heat delivered through a local network) was 22% more expensive on average in the past 24 years. Electricity 349 heating is three to four times as expensive as gas heating (see Figure 2 ).
350
In this section, a sub-sample of gas-, district-, and electricity-heated houses is analysed. The estimating equation is
H g and H e are dummy variables that are equal to 1 if the heating type is gas or electricity, respectively.
351
The sample was restricted to zip codes in which all three fuel types were present in the data. In order to 352 identify the effect properly, it is important to ensure comparability of houses across fuel types. For instance, it is likely that some gas-heated houses have special features that cannot be observed in electricity-heated 354 houses, so that these houses cannot be compared easily. As a solution, a combination of propensity score 355 weighting and trimming was used. Table 6 displays means of all important variables for the three fuel types.
356
Clearly, there are important differences in the unweighted samples. For instance, district-heated houses are 357 built on smaller lots and are younger than gas-heated houses, while electricity-heated houses seem to be of 358 lower quality.
359
[ Table 6 about here]
360
[ Table 7 about here]
361
The results from two logistic regressions are reported in Table 7 . An indicator variable that is equal to 1 if a house has district-heating installed was regressed on an array housing characteristics, separately for the sub-samples of gas-and electricity-heated houses. All houses with a predicted probability of having district-heating installed,p i , smaller than 5 or larger than 95% were excluded. Propensity weights w i were defined as follows:
(1−p i ) , 4}, i has gas or electricity heating, 1, i has district heating.
The boundary at a weight of 4 was used to prevent very influential observations from driving the results. It 362 corresponds to a propensity to be district-heated of 80%. A comparison of weighted means in Table 6 clearly 363
shows that the weights greatly increase comparability across the three heating types.
364
[ Table 8 about here]
365
Results for the most important variables are displayed in Table 8 . In the unweighted sample, column
366
(1), the main effect is significant and negative, as expected. However, the value of EPS is not significantly 367 different in gas-heated houses, even though gas is about 20-25% less expensive than district heating. The 368 value of EPS seems to be more than twice as high in electricity-heated houses, which roughly corresponds 369 to the idea that electricity is much more expensive than gas. However, this effect becomes insignificant 370 when the weighted sample is used, see column (2). Now, only the main effect is significant, suggesting that 371 differences between district and electricity-heated houses in other dimensions might be responsible for the 372 significant interaction term in column (1).
373
Overall, the value of EPS does not seem to reflect the fact that there are persistent price differences 374 between different fuel types -even though these differences are substantial: In a typical house of 150 m 2 and
375
an EPS of 100 kW h/[m 2 · a], the yearly energy bill amounts to approx. 900 Euro if the gas price is 6 ct/kW h.
376
With electricity heating at a price of 20ct/kW h, the household would pay as much as 3000 Euro per year. 
384
In order to be able to use variation in T while reducing data errors (i.e. unobserved rehabilitation) as much as possible, we focus on the sub-sample of oil-and gas-heated houses with building ages lower than 7, between 8 and 15, and between 16 and 23 years. EPS coefficients are then estimated for each of these three periods separately:
D ≤7 , D 8−15 , and D 16−23 are dummies for the three age groups that are also included in X. δ , γ, and κ capture 385 separately the value of energy efficiency in the three age groups. Results can be found in Table 9 .
386
[ Table 9 about here]
387
In column (1), a clear pattern emerges: The value of energy efficiency is largest for the youngest group.
388
As buildings get older, the value associated to EPS decreases, from 2. 8 More precisely, the smallest age group of buildings between 16 and 23 years old was chosen as the reference group. Before the model was estimated, the reference group's age distribution was imposed on the other two groups by dropping observations from years that are over-represented. In the estimation, this was repeated 200 times. In each repetition, 50 draws were made from a normal distribution centered around the coefficient estimate, with a standard deviation equal to the estimated standard error. The reported coefficient estimates and standard errors in column (2) of Table 9 
Discussion of results
406
Taken as a whole, the results suggest that, in parts, energy efficiency is taken into account in an econom- siderably the propensity to switch electricity supplier. Hence, if costs related to switching the gas supplier 410 are perceived to be high, ignoring gas price differences can be interpreted as "rational inattention" (Sallee, 411 2014). Variation in local gas prices or climate did not influence the value of EPS (Section 6.1). Additionally,
412
there were no significant differences in the value of EPS across heating fuel type, even though the price of 413 electricity was at least three times the price of gas in the past 24 years. Given the large potential savings in 
417
One important finding of this paper is that building age alters the value of EPS considerably. Earlier 
428
Once the sample is restricted to buildings younger than eight years, the estimated coefficient doubles in 429 size, cf. Table 9 . From the perspective of an investor or construction company, the results from Table 9 are 430 much more important than knowing how EPS is capitalised on average, i.e. in the existing stock. If a house 431 owner wants to improve energy efficiency of the building substantially, it is very likely that the building 432 is rehabilitated rather than renovated. The results presented here suggest that the premium will be much 433 higher in that case. They are much closer to the policy-relevant question of how to foster energy efficiency 434 investments in an effective manner.
435
It must be noted that this paper faces the same quality bias as other studies (e.g. Brounen and Kok, 2011; prices does not seem to be important to house sellers and thus cannot be used to identify the EPS coefficient.
438
However, part of the analysis relies on differences of potentially biased coefficients. Under the assumption 439 that quality bias is equally strong for houses of different fuel types or building ages, the interaction terms in 440   Table 8 and differences of the estimates in Table 9 are identified. The latter were used to calculate estimates 
453
The results are less clear about more subtle differences such as local gas prices or climatic conditions. Zip-code cluster-robust standard errors in parentheses; all regressions include time fixed effects and controls for housing characteristics. Regressions (1), (2), (5), and (6) include zip code fixed effects. Regressions (3) and (4) rely on matches of houses from zip codes with large gas price differences (> 1 ct/kWh), as described in the text. * * * : p < .001, * * : p < .01, * : p < .05. Zip code cluster-robust standard errors in parentheses; all regressions include zip code and time fixed effects, and controls for housing characteristics. * * * : p < .001, * * : p < .01, * : p < .05. (ii) buildings can be categorised by remaining lifetimes-e.g. by building age-, this allows to calculate d,
582
and then T directly from the data. Even though this does not identify r and e, it at least yields the ratio 
